The objective of this study was to examine the combined associations between time spent in moderate-to vigorousintensity physical activity (MVPA) and time spent sedentary in relation to cardiometabolic risk factors in a cohort of Canadian children. A cross-sectional study was conducted on 536 white children aged 8-10 years with at least 1 obese biological parent. Time spent in MVPA and sedentary behaviour over 7 days was measured using accelerometry and participants were stratified by tertiles. Daily screen time over 7 days was also self-reported by the child. Outcomes included waist circumference, systolic and diastolic blood pressure, fasting triglycerides, high-density lipoprotein cholesterol, and glucose concentrations. Analyses of covariance comparing tertiles of sedentary time/MVPA showed that higher levels of MVPA were associated with lower waist circumference, fasting triglycerides and diastolic blood pressure, and higher high-density lipoprotein (HDL) cholesterol, irrespective of sedentary time. In linear regression, MVPA was inversely associated with waist circumference and diastolic blood pressure and positively associated with HDL cholesterol, independent of covariates including sedentary time. In contrast, sedentary time was positively associated with diastolic blood pressure but after adjustment for MVPA the association was no longer statistically significant. Self-reported screen time was positively associated with waist circumference and negatively associated with HDL cholesterol independent of covariates including MVPA. Overall, a high level of MVPA was associated with reduced cardiometabolic risk in this sample of children, regardless of their amount of sedentary behaviour. The type of sedentary behaviour (i.e., screen time) might be more important than overall sedentary time in relation to cardiometabolic risk.
Introduction
Evidence is accumulating on the negative physiological and health impact of sedentary behaviour (e.g., sitting) (Tremblay et al. , 2011a . Numerous studies in adults suggest that high levels of sedentary behaviour increases the risk of morbidity and mortality regardless of the amount of moderate-to vigorous-intensity physical activity (MVPA) (Thorp et al. 2011; Grøntved and Hu 2011; Wijndaele et al. 2011; Dunstan et al. 2010) . Furthermore, it has been shown that there is often little association between sedentary behaviour and MVPA Biddle et al. 2004) ; such that an individual can accumulate large amounts of both MVPA and sedentary behaviour in a single day Katzmarzyk et al. 2009; Healy et al. 2008a ). These findings suggest that too much sitting and too little MVPA represent distinct risk factors for an adverse cardiometabolic profile.
Despite the above evidence, recent work suggests that MVPA may be more closely associated with cardiometabolic risk in children and adolescents than the amount of total sedentary behaviour. In their cross-sectional studies, Chaput et al. (2012a) and Steele et al. 2009 reported that MVPA was independently associated with adiposity indicators in children; however, sedentary time was not associated with adiposity after adjustment for MVPA and other covariates. Likewise, no association was observed between overall volume and patterns of sedentary behaviour with cardiometabolic risk factors in a large sample (n = 2527) of children and adolescents (Carson and Janssen 2011) . Conversely, TV use and low MVPA were both independently associated with cardiometabolic risk factors in the later study. Finally, pooled data from 14 studies comprising 20 871 children and adolescents aged 4-18 years showed that higher MVPA time was associated with better cardiometabolic risk factors regardless of the amount of sedentary time (Ekelund et al. 2012) .
Further, the combined associations between objectively measured MVPA and sedentary behaviour with cardiometabolic risk factors in children is largely unknown. Increased understanding of these combined relations will help to inform public health messages and policies aimed at improving the cardiometabolic health profile of children. The potential benefits of reducing sedentary time on cardiometabolic health might not be equal to increasing physical activity and this issue needs to be addressed. Therefore, the objective of this study was to examine the combined associations between MVPA and sedentary behaviour with established cardiometabolic risk factors in a cohort of Canadian children aged 8-10 years. Based on recent findings in children and youth (Ekelund et al. 2012) , it is hypothesized that a high level of MVPA would be associated with better cardiometabolic risk factors in this sample of children regardless of their amount of sedentary behaviour.
Materials and methods

Study population
The sample comprised 630 children enrolled in the QUebec Adiposity and Lifestyle InvesTigation in Youth (QUALITY) cohort, a familial study on the determinants of cardiovascular disease and type 2 diabetes in children (Lambert et al. 2012) . Caucasian children aged 8-10 years with at least 1 obese biological parent (i.e., with an overall body mass index ≥30 kg·m −2 or abdominal waist circumference ≥88 cm for women or ≥102 cm for men) were included. Children were excluded if they (i) were currently on a very restricted low-calorie diet (≤600 kcal·day −1 ); (ii) had a serious health problem, including any psychological condition that compromised participation in the study (e.g., cystic fibrosis, inflammatory bowel disease, renal insufficiency, serious cognitive or psychological dysfunction); (iii) had type 1 or type 2 diabetes; or (iv) took glucocorticoids, ␤-blockers, thiazides, or other drugs for hypertension. Families were recruited through schools located within 75 km of Montreal, Quebec City, or Sherbrooke (Quebec, Canada) . Baseline data were collected between 2005 and 2008. Because of missing data in 94 children, 292 boys and 244 girls were included in the current cross-sectional analytical sample. This project was approved by the ethics review boards at Centre Hospitalier Universitaire Sainte-Justine and Laval University. Written informed parental consent and child assent were obtained for all participants.
Physical activity and sedentary time assessment
Free-living physical activity was assessed over 1 week with the Actigraph activity monitor (model LS 7164, Actigraph LLC, Pensacola, Fla., USA). Participants were instructed to wear the accelerometer on an elastic waistband on the right hip during day time, except during bathing and aquatic activities, such as swimming. Accelerometry data were downloaded as 1-min epochs and underwent standardized quality control and data reduction procedures . A valid day was defined as 10 or more hours of monitor wear time; respondents with 4 or more valid days, including 1 weekend day, were retained for analyses (Trost et al. 2011 ). An average of 6.5 ± 0.8 valid days were available in the present sample. Wear time was determined by subtracting nonwear time from 24 h. Nonwear time was defined as at least 60 consecutive minutes of zero counts, with allowance for 1 to 2 min of counts between 0 and 100 (Colley et al. 2011) . Total physical activity was expressed as total counts, including sedentary minutes, divided by measured time per day (counts·min −1 ; cpm). Consistent with recent pediatric cut-offs for accelerometry output, time spent sedentary (exclusive of sleep time) was defined as all minutes showing less than 100 cpm and MVPA time as minutes showing more than 2296 cpm (Trost et al. 2011) . This method of physical activity and sedentary time assessment has been shown to be valid and provides reliable estimates in this population (Trost et al. 2011; Esliger and Tremblay 2006) . Additionally, daily screen time was assessed based on the child's report of time spent watching TV, playing video games, or using the computer for leisure on weekdays and weekend days, and a mean score over the 7 days was computed.
Anthropometry and cardiometabolic outcomes
Outcomes included 6 established cardiometabolic indicators including waist circumference, fasting glucose, fasting triglycerides, high-density lipoprotein (HDL) cholesterol, and resting systolic and diastolic blood pressure. These variables were selected because they represent features of the metabolic syndrome, which increases the risk of type 2 diabetes and cardiovascular disease (van Vliet et al. 2011; Cardiometabolic Risk Working Group 2011; Weiss et al. 2004) . Height, weight, and waist circumference (mid-distance between the last floating rib and the iliac crest, at the end of a gentle expiration) were measured according to standardized methods by trained research assistants, with the child wearing light clothing (Lohman et al. 1988) . Participants were categorized as normal weight, overweight, or obese according to age-and sex-specific cut-points (Centers for Disease Control and Prevention 2000) . After a 12-h overnight fast, venous blood samples were taken from the antecubital vein and collected into EDTA vacutainer tubes. Samples were centrifuged at 3000g, aliquoted and stored at −80°C. Fasting plasma glucose, triglycerides, and HDL cholesterol were measured according to a standard protocol as previously described (Lambert et al. 2008) . Finally, blood pressure was measured on the right arm, with the child in a sitting position and at rest for at least 5 min, using an oscillometric instrument (model CR9340; Dinamap XL, USA). Three consecutive measures were obtained at 1 min intervals, and the average of the 3 measures was used in the analyses. Blood pressure was also categorized according to the recommendations of the National High Blood Pressure Education Program (2004) ; such that blood pressure higher than the 90th age-, sex-, and height-specific percentile but lower than the 95th, and blood pressure higher than the 95th percentile values were defined as borderline and unfavourable, respectively.
Covariates
The number of hours of sleep was assessed over a 7-day period using the Actigraph activity monitor. Sleep time was calculated as the difference between bedtime and wake-up time, and mean sleep duration over 7 days was computed. Three nonconsecutive
Pagination not final/Pagination non finale 24-h dietary recalls, including 2 weekdays and 1 weekend day, were obtained by a dietician to assess the child's energy intake, as previously described (Obarzanek et al. 2001) . Foods reported were entered into the CANDAT software (Candat, London, Ont., Canada) and converted to nutrients using the Canadian Nutrient File (2007). Mean total energy intake (kcal·day −1 ) was used in the analyses. Sexual maturation was assessed by a pediatrician using the Tanner stages Tanner 1969, 1970) . Assessments were based on genitalia and pubic hair development in boys, and breast and pubic hair development in girls, and were ranked on a 5-point scale from stage 1 (prepubertal) to 5 (adult). Baseline questionnaires ascertained demographic information, including age, sex, highest educational level of the parents (high school, preuniversity level (Collège d'enseignement général et professionnel for Quebec), university), and total annual family income (categorized into 12 groups ranging from <$10 000 to $140 000 or more). Parental body mass index (kg·m −2 ) was based on measured height and weight of each parent.
Statistical analysis
Descriptive characteristics included means for continuous variables and percentages for categorical variables. Cardiometabolic risk factors were compared between tertiles of sedentary time/ MVPA in analysis of covariance (ANCOVA) controlling for age, sex, waist circumference (when it was not the outcome), sleep duration, energy intake, sexual maturation, parental socioeconomic status, and parental body mass index. Tukey post hoc tests were used to identify which groups were statistically significantly different from one another. An interaction term was also introduced into the above-mentioned models to examine whether the association between MVPA and cardiometabolic risk factors varied as a function of sedentary time. Linear regression models were also used to examine the independent associations between total physical activity (cpm), MVPA (min·day −1 ), and sedentary time (min·day −1 ) with each of the outcome variables after adjustment for covariates. Thereafter, we mutually adjusted exposures (MVPA and sedentary time) for each other (i.e., when MVPA was modelled as the main exposure, the analysis was adjusted for sedentary time and when sedentary time was modelled as the main exposure, the analysis was adjusted for MVPA). Results were expressed as regression coefficients that represented the change in outcome per 100 cpm, 10 min in MVPA, 60 min in sedentary time, and 60 min in screen time. The variance inflation factors between total physical activity, MVPA, and sedentary time were <5, suggesting that multicollinearity was not a problem. Since there was no statistically significant sex interaction between sedentary time/MVPA and the outcome variables, data for both sexes were pooled to maximize power. A 2-tailed p value of less than 0.05 was considered to indicate statistical significance. All statistical analyses were performed using the JMP version 8 program (SAS Institute, Cary, N.C., USA).
Results
Descriptive characteristics of children are shown in Table 1 . Overall, 41% of children were classified as overweight or obese. Only 25% of children met the recommendation for physical activity participation of ≥60 min of MVPA·day −1 (determined as an average calculated for each subject and then a mean calculated for the entire sample). However, the proportion that accumulated at least 60 min of MVPA on at least 6 days a week, i.e., the current physical activity guideline for children and youth in Canada (Tremblay et al. 2011b) , was substantially lower (ϳ5%). A total of 456 children (85% of the total sample) had at least 6 days of usable data. This physical activity estimate is very similar to a nationally representative sample of Canadian children measured using accelerometers in which only 7% of them met the physical activity guideline (Colley et al. 2011 ). Based on self-reported data, 40% met the guideline for screen-time use of ≤2 h·day −1 (Tremblay et al. 2011c ). Screen time represented 55% of total sedentary time in this sample of children.
The combined associations of time spent in MVPA and sedentary time with the cardiometabolic outcomes are shown in Fig. 1 . Overall, higher levels of MVPA were associated with significantly lower values of waist circumference, fasting triglycerides, and diastolic blood pressure, and higher values of HDL cholesterol. However, cardiometabolic risk factors were not significantly different between children who engaged in high vs. low amounts of sedentary time for the same amount of MVPA (either high or low MVPA). No statistically significant interaction between MVPA and Note: Data are presented as means ± standard deviation or number (%). BMI, body mass index; cpm, counts per minute; HDL, high-density lipoprotein; MVPA, moderate-to vigorous-intensity physical activity; PA, physical activity.
a Obesity is defined as a BMI ≥95th percentile, overweight as a BMI ≥85th and <95th percentiles, and normal as a BMI ≥5th and <85th percentiles.
b Blood pressure is categorized according to the recommendations of the National High Blood Pressure Education Program (2004); such that blood pressure higher than the 90th age-, sex-, and heightspecific percentile but lower than the 95th, and blood pressure higher than the 95th percentile values are defined as borderline and unfavourable, respectively.
c In Quebec, CEGEP is a level of education of 2 or 3 years between high school and university.
d Canadian dollars ($CAN). 
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sedentary time with any of the 6 outcomes investigated was found. The combined association analyzes were repeated using self-reported screen time instead of objectively measured sedentary behaviour and the results were not significantly different than those reported in Fig. 1 (data not shown) . Independent associations between total physical activity, MVPA, and sedentary time with each of the outcomes are shown in Table 2 . Total physical activity (cpm) was inversely associated with waist circumference and diastolic blood pressure and positively associated with HDL cholesterol after adjustment for covariates. MVPA was inversely associated with waist circumference and diastolic blood pressure and positively associated with HDL cholesterol independent of covariates, and remained significant after further adjustment for objectively measured sedentary time. In contrast, objectively measured sedentary time was only significantly and positively associated with diastolic blood pressure; however, the association was no longer significant after adjustment for MVPA. Finally, self-reported screen time was positively associated with waist circumference and negatively associated with HDL cholesterol independent of covariates and MVPA.
Discussion
Collectively, the results support the proposed hypothesis that higher levels of MVPA are associated with more optimal cardiometabolic health regardless of the amount of time spent sedentary. Conversely, objectively measured sedentary time was unrelated to cardiometabolic risk after adjusting for time spent in MVPA. However, the type of sedentary behaviour (i.e., screen time) was independently associated with waist circumference and HDL cholesterol while overall sedentary time was not. In general, these results suggest that participation in physical activity of at least moderate intensity is more critical to cardiometabolic health in childhood than overall sedentary time. The present findings also add to the current literature by showing that screen time might be more detrimental than nonscreen sedentary behaviours in relation to cardiometabolic risk.
Results in this study support those of a recent study showing that higher MVPA time by children and adolescents was associated with better cardiometabolic risk factors regardless of the amount of sedentary time (Ekelund et al. 2012) . However, the present study had information on screen time (not only overall sedentary time) and it has been possible to control for many confounding variables that were not available in the study by Ekelund and co-workers (e.g., food intake, sleep, and sexual maturation). Other studies have also reported that overall physical activity and time spent in MVPA are associated with a healthier cardiometabolic risk profile in young individuals (Henderson et al. 2012; Steele et al. 2008; Rizzo et al. 2007; Andersen et al. 2006) . For example, overall physical activity measured by accelerometry was associated with a favourable cardiometabolic risk profile independent of self-reported time spent watching TV . Furthermore, it has recently been found that MVPA was independently associated with adiposity indicators in children while sedentary time was not (Chaput et al. 2012a ). However, the present results contrast some previous observations in adults, suggesting that objectively measured sedentary time is associated with detrimental metabolic outcomes independent of MVPA (Healy et al. 2011) . The discrepancy in results between children and adults is still a matter of debate but could be explained by many factors, including the cardiometabolic outcomes investigated (children have a healthier cardiometabolic risk profile overall than adults, thereby reducing the between-subject variability) and the fact that total physical activity (cpm or steps·day −1 ) is generally higher in children than in adults (Ekelund et al. 2012) .
The magnitude of associations between time in MVPA and the cardiometabolic outcomes investigated in the linear models were relatively small in general but meaningful from a public health 
Note:
Linear regression models were adjusted for age, sex, waist circumference (when it was not the outcome), sleep duration, energy intake, sexual maturation, parental socioeconomic status, and parental body mass index. WC, waist circumference; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; cpm, counts per minute; PA, physical activity; MVPA, moderate-to vigorous-intensity physical activity. Pagination not final/Pagination non finale Chaput et al. 5 Published perspective. For example, a 10-min difference in MVPA was associated with approximately 0.7-cm difference in waist circumference. However, the magnitude of associations may be underestimated because physical activity is highly variable in children (Mattocks et al. 2007 ). In contrast, results from the combined analyses were more substantial. Waist circumference differed by as much as 8.8 cm between those in the top tertile of MVPA compared with those in the bottom tertile. Likewise, the differences in fasting triglycerides, HDL cholesterol, and diastolic blood pressure between the top and the bottom tertiles of MVPA are clinically significant and comparable to what can be expected from an intensive physical activity program (Balducci et al. 2010) . The absence of statistically significant associations between the exposures and fasting glucose, triglycerides, and systolic blood pressure in the linear models may be explained by the generally healthier cardiometabolic risk profile in children compared with adults. In fact, only 23 (4%), 22 (4%), and 3 (<1%) children in the present sample had a borderline or unfavourable level of glucose, triglycerides, and systolic blood pressure, respectively, according to threshold values used to define "at risk" levels in children and youth (Lambert et al. 2008) . Although this sample included children at risk of developing obesity and other cardiometabolic complications (i.e., children with at least 1 obese biological parent), the young age of participants (8-10 years) likely reduced the variability of certain outcome variables. Moreover, the higher overall levels of physical activity, more time accumulated in MVPA, and less time spent sedentary in children compared with adults (Troiano et al. 2004 ) can also explain the findings.
Although results in this study suggest that in children, time in MVPA appears more important than time spent sedentary in relation to the cardiometabolic outcomes studied, both increasing children's participation in MVPA and reducing their screenrelated sedentary time are important public health targets to achieve. Decreasing screen-time sedentary behaviour might be more attainable as a proximal goal for increasing movement and energy expenditure and improving cardiovascular health in youth . Along the same lines, other important health indicators (e.g., self-esteem, pro-social behaviour, and academic achievement) beyond the concept of "cardiometabolic risk" may be meaningfully related to sedentary behaviour independent of MVPA (Tremblay et al. 2011a) . Additionally, different types of sedentary behaviour may have different metabolic effects and future studies should therefore investigate specific sedentary behaviours and not only total accumulated time spent sedentary (Chaput et al. 2012b ). For example, sleep duration has a positive influence on cardiometabolic risk factors (Cappuccio et al. 2011) while TV viewing and video game playing have a negative influence on cardiometabolic health (Carson and Janssen 2011; Goldfield et al. 2011) . Furthermore, although the cut-point used to define sedentary behaviour (<100 counts·min −1 on an accelerometer) provides a useful estimate of sitting time, standing still time may also be included as sedentary time. This measurement issue is an important one since breaks (interruptions) in sitting time can significantly improve cardiometabolic health (Dunstan et al. 2012; Healy et al. 2008b) , and children might alternate between sitting and standing O 2 activities susceptible to end up below the 100 counts·min −1 cut-point. Finally, food intake is a key variable because of the strong link between poor dietary habits and cardiometabolic health and because screen time increases food intake in the absence of hunger (Chaput et al. 2011 ). Thus, it will be important to better characterize the patterns and types of sedentary behaviour in future studies before concluding that some individuals are not adversely affected by prolonged sedentary time.
Strengths of this study include objectively measured MVPA and sedentary time (over 7 days) in a population-based sample of children. Additionally, data have been collected on other key variables, including sleep duration, energy intake, and sexual maturation. Limitations of this study include its cross-sectional nature that limits causal inference. However, it is unlikely that cardiometabolic risk leads to lower levels of physical activity, with the exception of adiposity. Use of self-reports for food recalls and screen time could result in misclassification and residual confounding by unmeasured variables is possible. Although a child self-reporting of screen time can provide reliable estimates, the validity of such a tool remains untested (Lubans et al. 2011) . However, while accelerometers can accurately classify participants' behaviour as sedentary, they do not provide information about the type of sedentary behaviour or context. Furthermore, it is also possible that the current definition of nonwear time (at least 60 consecutive min of zero counts) can overestimate sedentary time. Finally, the external generalizability of these findings may be restricted to Caucasian children with a parental history of obesity.
Conclusion
In summary, the present study suggests that MVPA may be more influential than sedentary time in relation to cardiometabolic risk factors in this sample of children. Although the overall time spent sedentary was not independently associated with cardiometabolic risk factors, daily screen time was associated with cardiometabolic risk. Future studies should examine the best approach to increase MVPA in children and youth, including addressing the barriers to healthy active living, and should determine the relative contribution of different types of sedentary behaviour (e.g., TV viewing, video game playing, reading, homework, etc.) on the health of young people.
